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Abstract

The overall objective ofthis thesis was to determine effects of elevated
temperature on immature, but fully grown oocytes. Initial efforts were devoted to
developing an in vitro model, using roscovitine, for the purpose of maintaining oocytes at
the germinal vesicle stage after removal from antral follicles without compromising
subsequent development. Doing so was critical for establishing a model for studying the
effects of elevated temperature on fully grown, developmentally competent oocytes that
had not resumed meiosis. To determine an effective dose of roscovitine for maintaining
oocytes at the GV stage after removal from follicles, cumulus oocyte complexes were

cultured with 0, 12.5, 25, or 50 pM roscovitine(a cell cycle inhibitor of p34'^'''^^/cyclin B
kinase) for 24 h. Culture of oocytes with 50 pM roscovitine was effective for

maintaining an intact GV in oocytes and prevented expansion of cumulus(P<0.005).
Moreover, oocytes cultured with 50 pM roscovitine resumed meiosis after release from
inhibitor and progressed to MIL A second study was conducted to determine the duration

of exposure to roscovitine that successfully maintained oocytes at the GV stage, yet still
allowed oocytes to progress to Mil after release from the inhibitor. Cumulus oocyte
complexes were cultured with 50 pM roscovitine for 21,42, or 66 h. Culture ofoocytes

for 21,42, or 66 h with roscovitine maintained oocytes at GV stage (P<0.14). However,
exposure ofoocytes to roscovitine for 66 h compromised ability to progress to Mil after
resuming meiosis(P<0.04). A third study was conducted to determine if roscovitine had

a negative effect on oocytes to develop to blastocyst. Cumulus oocyte complexes were
cultured in 0 or 50 pM roscovitine. After 24 or 48 h with roscovitine, oocytes were
washed, matured, and then fertilized. Culture of oocytes with roscovitine did not
iii

compromise ability ofoocytes to cleave and develop to blastocyst. Development of an in
vitro model allowed for the study of direct effects ofelevated temperature on immature
bovine oocytes. Cumulus oocyte complexes were maintained at GV stage using
roscovitine for 24 h. During that time, oocytes were exposed to 38.5°C or 41°C.
Duration of heat shock was either 8, 12, or 24 h. Exposure to 41°C for 12 or 24 h

decreased in the ability ofimmature oocytes to cleave after maturation and fertilization.
However, development to blastocyst was similar regardless of initial treatment.

Determining effects of elevated temperature on immature bovine oocytes will be
important for devising strategies for reducing deleterious effects of elevated temperature
on reducing reproductive performance in livestock species.
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Chapter 1
Introduction

Exposure offemales to elevated ambient temperatures during summer months results
in transient periods of infertility (reviewed by Hansen and Arechiga, 1999). Seasonal
periods of infertility result in direct economic losses to livestock producers. Detrimental
effects of elevated ambient temperatures for reducing reproduction occur very early,

affecting the maturing oocyte (Putney et al., 1989) and early embryo (Ealy et al., 1993;
Edwards and Hansen, 1997). However,it is unclear whether oocytes contained within

follicles, that are rapidly growing, are susceptible to the negative effects of heat stress.
Efforts to characterize the effects of heat stress on oocytes, within antral follicles not yet

destined to ovulate, have been hampered by an inability to maintain meiotic arrest in

oocytes after removal from the follicle (reviewed by Picton and Gosden, 1999).
Recently, Mermillod et al.(2000)demonstrated effectiveness of roscovitine(a cell cycle

inhibitor of p34'^'''^^/cyclin B kinase)for maintaining germinal vesicles in oocytes for 24 h
after follicle removal without compromising subsequent development to blastocyst after
maturation and fertilization. The overall objective of this thesis was to determine effects

of elevated temperature on immature, but fully grown oocytes. Initial efforts were
devoted to investigating the usefulness ofroscovitine to maintain oocytes at the germinal
vesicle stage after removal from growing follicles without compromising subsequent

development after maturation and fertilization. Doing so was critical for establishing a
model for studying effects of elevated temperature on fully grown, developmentally
competent oocytes that have not resumed meiosis. Determining effects of heat stress on
oocytes prior to resumption of meiosis will be important for devising strategies for
1

reducing deleterious effects of elevated temperature on reducing reproductive
performance in livestock species.

Chapter 2
Review of Literature

Exposure of lactating cows to heat stress reduces the ability to reproduce during
the summer months(reviewed by Hansen and Arechiga, 1999). Negative effects of heat
stress for reducing reproduction occur very early and may compromise subsequent
development of oocytes and early embryos(Putney et al., 1989; Ealy et al., 1993;

Edwards and Hansen, 1997). The following is a review of literature describing
detrimental effects of heat stress for reducing reproduction, effects of elevated

temperature for compromising oocytes or early embryos, negative effects ofelevated
temperature on maturing oocytes, a description of oogenesis, negative effects ofelevated
temperature on immature oocytes, and agents used to prevent resumption of meiosis in
oocytes post-follicle removal.
Detrimental effects of heat stress on reproduction

Exposure offemales to heat stress results in periods of transient
infertility in the cow (reviewed by Hansen and Arechiga, 1999). During the summer
months,cows experience reduced conception rates(Thatcher and Collier, 1984; Monty
and Wolff, 1974), altered estrous cycles(Wolff and Monty, 1974), decreased milk

production (Wolff and Monty, 1974), and increased embryonic mortality(Putney et al.,

1988). Lactating cows experience the greatest decrease in conception rates during the
summer months(Monty and Wolf, 1974; Thatcher and Collier, 1984) when compared to
virgin heifers(Badinga et al., 1985). Duration of infertility varies according to severity
and length oftime animals are exposed to hot summer conditions. For example,

conception rates ofcows in Florida decreased during the summer months of May,
3

continuing through September, and did not recover until November(Badinga et al,
1985).

Reduced conception rates in lactating cows during heat stress have been
correlated to an inability to maintain a normal body temperature due to high internal heat
production associated with lactation (Thatcher and Collier, 1984). The average rectal
temperature of heifers exposed to 32.2°C and 21.1°C were 40.0°C and 38.5°C,

respectively(Badinga et al., 1985). Rectal temperatures in lactating cows provided no
shade and shade environments reached as high as 41.3°C, 40.9°C, 41.7°C, and 41.0°C for
1, 3, 5, and 7 days of heat stress, respectively (Ealy et al., 1993).

Negative effects of heat stress may increase due to global warming (reviewed by
Hansen and Arechiga, 1999). Moreover, the world's population is increasing in warm
climate areas, therefore leading to an increase in food animals living in warmer climates.

By increasing selection of animals for milk production, the ability to regulate body
temperature decreases, and therefore makes it more difficult for animals to reproduce in
warmer climates. In dairy cattle, this is of concern because reduction in overall
reproduction reduces total milk production which results in economic losses to the
producer.

Negative effects of heat stress oceur very early on reproduction. Exposure of
females to elevated temperature during the periovulatory period during superovulation
increased the number of abnormal embryos with degenerate blastomeres recovered on
day 7(Putney et al., 1989). In another study, superovulated Holstein heifers were used to

determine if heat stress during the first seven days of embryonic development may
increase abnormal embryos from dairy cows(Putney et al., 1988). Only 20.7% of

embryos recovered from heat stress heifers were normal compared to 51.5% ofembryos
recovered from thermoneutral animals. Stressed heifers had a higher incidence of

abnormal and retarded embryos showing that thermal stress from 30 days after onset of

estrus to day 7 post estrus increases the incidence of abnormal embryos in superovulated
heifers. Moreover, heat stress on day 1 of the estrous cycle decreased viability and
development of embryos to blastocyst when compared to heat stress administered on days

3, 5, and 7(Ealy et al., 1993); demonstrating that bovine embryos become more resistant
to the negative effects of maternal heat stress as development continues. Negative effects
of heat stress that result in decreased reproduction may be due to indirect or direct effects
of elevated temperature on developing oocytes or embryos.
Effects of elevated temperature for compromising oocytes or early embryos

Exposure offemales to heat stress may cause alterations in maternal environment,
which in turn may negatively affect oocytes or early embryos. Heat stress may decrease
reproduction by compromising function of the corpus luteum. Progesterone
concentrations have be reported to be elevated (Vaught et al.,1977; Roman-Ponce et al.,
1981), lowered (Rosenberg et al., 1977; Howell et al., 1994), or unchanged (Roth et al.,

2000)in animals exposed to heat stress conditions. These differences could be due to
different experimental designs.

Estradiol and progesterone are reproductive hormones that are associated with
regulation of uterine blood flow (Roman-Ponce et al., 1981). When cows are exposed to

elevated temperature, the estradiol to progesterone ratio decreases which may reduce the
blood flow to the uterus(Roman-Ponce et al., 1981). Such effects would decrease

nutrient availability to the uterus(Roman-Ponce et al., 1981).
5

Heat stress may alter prostaglandin release in pregnant or cyclic cows. Putney et

al.(1988a) measured prostaglandin F2a(PGF2a)secretion by bovine edometrium cultured
at 39°C or 42°C for 30 minutes up to 2 hours. Exposure of endometrial tissue to elevated

temperature increased PGF2a secretion regardless of the reproductive status. Moreover,
PGF2a secretion was increased in endometrial tissue obtained from heat stressed pregnant

animals in response to oxytocin. Therefore, the conceptus may be unable to inhibit

PGF2a synthesis due to high temperatures(Putney et al., 1988b).
Negative effects of heat stress for decreasing reproduction may also be related to

altering follicular function and development. Roth et al.(2000) attempted to demonstrate
an immediate and delayed effect of heat stress on follicular development and its
association with plasma FSH and inhibin concentration in cows. Plasma concentrations

of the preovulatory FSH surge were higher in heat-stressed cows than in cooled cows.
Plasma concentrations ofinhibin during the luteal phase ofthe treated estrous cycle were
lower in the heat-stressed cows than in the cooled cows. Plasma concentrations of

estradiol did not differ between heat-stressed cows and cooled cows nor did the plasma
concentrations of progesterone.

There may be seasonal and acute heat stress effects on steroid production by
dominant follicles in cows(Wolfenson et al., 1997). Specifically, lowered androgen

production by thecal cells was obtained from dominant follicles in the fall than in the
summer(Wolfenson et al., 1997). Effects of heat stress on hormone production by
granulosa and theca intema cells in the cow were recorded in the summer, autumn, and
winter. Estradiol concentrations in follicular fluid of winter cows were higher than in
summer and autumn cows. Androstenedione concentrations in follicular fluid of the
6

summer group were higher than winter and autumn groups. Such differences could have
occurred for a number ofreasons such as reduced feed intake in the summer during heat

stress, seasonal variation in gonadotropin secretion, and there may have been seasonal or
acute heat stress induced changes, which showed alterations in follicular dominance in
heat-stressed cows(Wolfenson et al., 1997).

Heat stress may alter follicular development in the bovine which could

compromise development of oocytes(Roth et al., 2000). Exposure of Holstein cows to
heat stress increased the number of medium follicles during the second follicular wave.

Roth et al.(2000)speculated that the increase in number of medium follicles is probably
due to higher plasma FSH increase that comes with the second follicular wave. The
number of medium sized follicles is an indicator of follicular dominance as the dominant

follicle has an inhibitory effect on the growth ofsubordinate follicles(Roth et al., 2000).
Negative effects of elevated temperature on maturing oocytes

Negative effects of heat stress have been described for compromising maturing
oocytes. Embryo cleavage was delayed or suppressed by maternal exposure to elevated

temperature for 24 h prior to mating in mice (Bellve, 1973). The percentage of normal
eight-cell embryos after heat stress in female mice was 22%(Bellve, 1973). Moreover,
exposure of female mice to elevated temperature for 12.5 h during ovulation caused
abnormal morphologies and disrupted meiosis II in maturing mouse oocytes

(Baumgartner and Chrisman, 1987). Only 80.4% ofthe oocytes from stressed animals
were normal when compared to 99.4% seen in the controls. The oocytes with atypical

morphologies had dispersed chromatin, micronuclei, or degenerating chromatin. Number
of oocytes at metaphase II was greatly reduced in heat stressed females. Exposure of
7

females to elevated temperature during ovulation caused retention of first polar body

chromosomes, stopped meiosis at metaphase I in some oocytes, and the percentage of
degenerating oocytes was increased (Baumgartner et al., 1987).
Putney et al.(1989)exposed superovulated dairy heifers to a heat stress
environment during the periovulatory period (during the time of oocyte maturation). The
heifers were cooled such that rectal temperature retumed within normal range and then

artificially inseminated to study the effects of elevated temperature on maturing oocytes.
There was an increase in the amount of poor to fair embryos along with a decrease in the
amount of good to excellent embryos(Putney et al., 1989). Therefore, exposure to
elevated temperature during the time of maturation lead to a decrease in the quality ofthe
embryo.

Some negative effects of elevated temperature for compromising oocytes may be
due to direct effects. When bovine oocytes were exposed to temperatures of35°C, 37°C,
39°C, or 41°C during maturation, cumulus cells did not expand at 41°C(Lenz et al.,
1983). In addition, frequency of oocytes that reached maturity, as determined by

evaluating oocytes that extruded a polar body, was decreased in the 41°C treatment. No
negative effects were found on the resumption of meiosis in the oocytes ofthe 35°C39°C treatments(Lenz et al., 1983). However,in an additional study conducted by

Dorado et al.(2001), oocytes exposed to 41°C for 12 or 24 h resumed meiosis and
progressed to metaphase II at a comparable rate to the control. Exposure of bovine
oocytes to elevated temperature(41°C)during the first 12 h of maturation did not alter

the ability to cleave, but reduced development to blastocyst(Edwards and Hansen, 1996).

8

Exposure of oocytes to 42°C for the first or second half of maturation reduced the
number of embryos that cleaved and developed to blastocyst. In addition, exposure of

oocytes to 41°C or 42°C during the first or last 12 h of maturation reduced protein
synthesis by oocytes. Edwards and Hansen(1996)speculated that compromised oocyte
development may be due to a disruption of events occurring during the time ofthe first
twelve hours of maturation. The key events that occur during the first twelve hours of

maturation include posttranslational modification of cyclin-dependent proteins,
rearrangement of cytoskeletal framework,and progression to metaphase I(Sirard et al.,
1989).
Nuclear Maturation

Oocytes begin the early stages of meiosis during fetal life and become arrested at

the dictyate stage of prophase 1 until ovulation or atresia(reviewed by Picton and
Gosden, 1999). At the end ofthe growth period, oocytes contain a large nucleus referred
to as a germinal vesicle(GV). In response to ovulation or luteinizing hormone, a number

of mice oocytes will resume meiosis and undergo germinal vesicle breakdown(GVBD)
and extrude a first polar body before arresting at metaphase 11. GVBD ofthe oocyte is
believed to depend on the removal ofinhibitors in vivo (reviewed by Wassarman and
Albertini, 1994). The timing of nuclear progression and protein synthesis in bovine
oocytes was determined by studying oocytes during 24 hours of culture. Sirard and

coworkers(1989) demonstrated that GVBD occurs in bovine oocytes at 6.6-8.0 hours

post-placement in maturation medium (hpm), metaphase 1 occurs at 10.3-15.4 hpm,
anaphase 1 occurs at 15.4-16.6 hpm,telophase 1 occurs at 16.6-18.0 hpm, and metaphase

II occurs at 18.0-24 hpm. As nuclear maturation progresses protein synthesis increases as
well (Sirard et al., 1989).
Cytoplasmic Maturation

Cytoplasmic maturation of oocytes involves processes necessary to prepare for
activation, fertilization, and preimplantation development. Cytoplasmic maturation
involves the movement of cortical granules. Cortical granules are sparsely foimd in the

GV stage oocyte when compared to the mature oocyte (reviewed by Eppig, 1996).
Cortical granules are redistributed after an LH surge and move to the cortical cytoplasm
where they are close to the cell membrane(Niimura et al., 1995). Release of cortical
granules increases in response to calcium as nuclear maturation progresses(reviewed by
Eppig, 1996). Cortical granules are released to help prevent polyspermic fertilization
(Gulyas, 1980). Other organelles such as the nucleus and nucleolus enlarge as
cytoplasmic maturation proceeds(Wassarman and Albertini, 1994). Mitochondria and

Golgi complexes imdergo structural changes such as increasing activity (Wassarman and
Albertini, 1994).
Negative effects of elevated temperature on immature oocytes

The following is a description of oogenesis as it pertains to the growth of
developing oocytes and potential negative effects of heat stress for reducing
developmental competence ofimmature oocytes.
Oogenesis

Immature oocytes become arrested at the dictyate stage of meiosis. During the

period of meiotic arrest, the oocyte grows in size and undergoes transcriptional and
translational activity (reviewed by Picton and Gosden, 1999). Before oocytes are
10

arrested, oocytes begin as germ cells with potential to become oogonia. Primordial germ
cells migrate to the genital regions where the germ cells intermingle with somatic cells
and populate the undifferentiated gonad (reviewed by Picton and Gosden, 1999). The
germ cells continue to multiply by mitosis until the germ cells have contact with cells
from the rete ovary. The rete ovary produces meiosis initiating substance where the germ
cells will pass from the G1 phase of the mitotic cycle to S phase(reviewed by
Wassarman et al., 1994). The early oocytes proceed through leptotene, zygotene, and
pachytene stages of meiotic prophase while granulosa cells of developing primordial
follicles surround the oocytes. Oocyte maturation inhibitor presumed to be released from

the granulosa cells arrests development in the dictyate stage of meiosis (reviewed by
Wassarman et al., 1994). This inhibition lasts until removal of the granulosa cells,
removal ofthe oocyte from the follicle, or gonadotropin stimulation (reviewed by
Wassarman et al., 1994).

Oocyte growth occurs within the developing follicles. Ooc3des start out in

primary follicles. But a majority ofthe oocytes growth occurs in the secondary follicular
development(reviewed by Wassarman et al., 1994). Growth is completed in the early to
midantral stage for the bovine. Oocytes grow from a diameter of 15-20 pm in primordial
follicles to a diameter of70-150 pm in the early to midtertiary stage of follicular

development(reviewed by Wassarman et al., 1994). As the oocyte goes through the
growth stage, the nucleoli of oocytes ofsecondary follicles change from vacuolated to
fibrillo-granular. Nucleolar compaction occurs at the 2-3 mm antral follicle in cattle and

this coincides with achievement offull oocyte size. During growth of the oocyte, volume
increases 100 fold, RNA content increases 20 fold, and protein content increase 100 fold
11

(reviewed by Wassarman et al., 1994). Transcriptional activity ofthe growing oocyte
includes synthesis ofRNA,mRNA,and translational products.
Effects of heat stress on immature oocytes

Negative effects of elevated temperature on immature oocytes have been difficult
to study because oocytes resume meiosis after removal from follicles. Given that heat

stress alters follicle function and growth, this may in turn compromise the oocytes within
or heat stress may have a direct effect on the oocyte to compromise subsequent
development. Based on the following data, a negative effect of heat stress for

compromising developmental competence of immature oocytes has been inferred

(Rutledge et al., 1999). Specifically, Rutledge et al.(1999)cultured oocytes throughout
one year that were obtained from an abattoir in Wisconsin. Oocytes that were collected

from ovaries obtained from cows during the summer months had a reduced ability to
cleave and develop to blastocyst after fertilization (Figure 2-1). In contrast, Rivera et al.

(1999) collected oocytes for 1 year in Florida and did not find any seasonal effects on

cleavage or blastocyst rates. Disparity of data may be due to differences including

different locations, breed of cattle, or because cattle in Florida may be better adapted to
heat stress. Determining if there are direct effects of heat stress on immature oocytes in
the laboratory will be dependent upon preventing the resumption of meiosis without
compromising subsequent development.
Agents used to prevent resumption of meiosis in oocytes post-follicle removal

Inhibiting resumption of meiosis after follicle removal is needed to study the
immature oocyte. Various reagents have been investigated for the use of inhibiting the
resumption of meiosis in bovine oocytes and include dibutyl cyclic AMP(Db-cAMP),
12
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Figure 2-1. Percentage of oocytes that cleaved and developed to the blastocyst stage in
vitro during 1 year (Rutledge, et al., 1999).

isobutyl methyl xanthine(IBMX),adenylate cyclase, cycloheximide,6dimethylaminopurine(6-DMAP), vanadate, 5,6-dichloro-l-P-D-

ribofuanosylbenzimidazole(DRB),and roscovitine. The following is a review of
literature describing meiotic cell cycle in oocytes, and a description of various reagents
that have been studied in an attempt to maintain bovine oocytes at the GV stage postfollicle removal without compromising subsequent development.
Meiotic Cell Cycle in Oocytes

Early in mammals,oocytes go through the early stages of meiosis to the diplotene

stage of the first prophase and are arrested at diakinesis. This stage corresponds to the G2
phase of the cell cycle. The G2 phase consists of chromosomes surrounded by an intact
nuclear membrane called the germinal vesicle(GV). Resumption of meiosis(oocyte

maturation) is stimulated by the preovulatory surge ofLH in vivo or by removal from the
13

antral follicle in vitro (Dekel, 1999). Resumption of meiosis begins with the transition

from the G2 to M phase in which the GV breaks down(GVBD),the spindle forms, and
chromosome segregate (Dekel, 1999). The first meiotic division coincides with the
extrusion ofthe first polar body as oocytes rearrest at metaphase II.
Maturation Promoting Factor

Maturation promoting factor(MPF)is a cell cycle kinase involved in the
transition from G2 to M phase in both meiotic and mitotic eukaryotic cells(reviewed by

Eppig, 1996). It is a two-component protein composed of a kinase subunit (p34®'''^^) and a
regulatory subunit(cyclin B; Dekel, 1999). The

is a serine/threonine kinase. In

order to resume meiosis, the phosphate from p34'^'^'^^ kinase is dephosphorylated (Dekel,
1999). Cyclin periodically goes through degradation, whereas p34'^'''^^ levels remain
constant throughout the cell cycle. The cyclin/ p34'^'''^^ complex is activated by the
removal of phosphates from threonine 14 and tyrosine 15 of p34'^'''^^. Maturation
promoting factor activity begins to increase at GVBD and reaches high levels at
metaphase I, then significantly decreases at anaphase I, and begins to rise again during
telophase I, and finally remains high at metaphase II until fertilization (Dekel, 1999).
Db-cAMP

Dibutyryl cyclic adenosine monophosphate(Db-cAMP)is a cyclic adenosine

monophosphate(cAMP)analog. Cyclic adenosine monophosphate assists in regulating
the G2 to M transition during the mitotic cell cycle and is involved with reentry of
oocytes into meiotic progression in mice(reviewed by Wassarman and Albertini, 1994).

Cyclic adenosine monophosphate acts by a cAMP-dependent protein kinase A(PKA), an

enzyme made up of catalytic and regulatory subunits(reviewed by Wassarman and
14

Albertini, 1994). The catalytic-regulatory complex remains inactive until the binding of

cAMP to the regulatory subunit, which causes dissociation ofthe complex and activation
ofthe catalytic subunit kinase(reviewed by Wassarman and Albertini, 1994).

Phosphorylation ofthe oocyte proteins by PK is necessary for the maintenance of meiotic
arrest(reviewed by Wassarman and Albertini, 1994). Levels ofcAMP are believed to
determine the free levels of catalytic subunits to maintain meiotic arrest in oocytes
(reviewed by Wassarman and Albertini, 1994).
Sirard and First(1988) used Db-cAMP to inhibit the resumption of meiosis for
6 or 21 hours in bovine oocytes. Dibutyryl cyclic adenosine monophosphate for 6 hours
at a concentration of 10 mM held oocytes at the GV stage in 68% ofthe oocytes

compared to 12% with the control. Dibutyryl cyclic adenosine monophosphate was able
to reduce the frequency ofGVBD in bovine oocytes. However, Sirard and First(1988)
did not examine developmental competence of oocytes exposed to Db-cAMP.
IBMX

Isobutyl methyl xanthine(IBMX)is an inhibitor ofcyclic nucleotide

phosphodiesterase(PDF). Cyclic nucleotide phosphodiesterase activity is membranebound and modulated by calmodulin. Cyclic nucleotide phosphodiesterase breaks down
cAMP therefore IBMX maintains levels ofcAMP by preventing its degradation. A

calmodulin-dependent step occurs following or at the same time as the decrease in oocyte
cAMP levels during spontaneous maturation (reviewed by Wassarman et al., 1994).
Sirard and First(1988) used IBMX to inhibit the resumption of meiosis for 6 or 21 hours
in bovine oocytes. Exposure ofoocytes to IBMX for 6 h maintained 68% ofthe oocytes
at the GV stage. However, exposure for 21 h decreased the number of oocytes remaining
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at the GV stage(24%). In this study, oocytes were also denuded to study the effects of

cumulus removal on the resumption of meiosis. Db-cAMP combined with IMBX or
bovine follicular fluid alone inhibited the resumption of meiosis in denuded oocytes.
These results indicated that removal of cumulus cells causes an increase in resumption of
meiosis in cattle, but does not interfere with Db-cAMP inhibition (Sirard et ah, 1988).
Adenvlate Cvclase

Adenylate cyclase has been found in cumulus cells (reviewed by Sirard et ah,
1998) and another study demonstrates there is adenylate cyclase activity on the bovine
oocyte membrane(Bilodeau et ah, 1993). Maintenance of meiotic arrest may be
dependent on the accumulation ofcAMP within the oocyte (reviewed by Sirard et ah,
1998). Bovine oocytes can be maintained in prophase of meiosis I by high intracellular
cAMP concentrations (Aktas et ah, 1995). The inhibition of germinal vesicle breakdown
by adenylate cyclase was reversible (Aktas et ah, 1995). Bovine oocytes can be
reversibly maintained in meiotic arrest for 20 h by increasing the intracellular cAMP and

cAMP may have a role in maintaining meiotic arrest in bovine oocytes as found in other
animals(Aktas et ah, 1995). When the oocytes were cultured with inhibitors IBMX and

adenylate cyclase, oocytes cleaved and developed to the morula and blastocyst stages
similar to the controls(Aktas et ah, 1995).
Cycloheximide

Another inhibitor used for preventing the resumption of meiosis is cycloheximide.

Cycloheximide inhibits peptidyl transferase and suppresses oocyte maturation by
blocking synthesis of specific proteins. Simon et ah (1989)tested the effects of
cycloheximide upon maturation of bovine oocytes when oocytes were placed either in
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maturation medium or maturation medium containing cycloheximide at 1-20 )ag/ml
concentrations for 24 h. In the cycloheximide-free oocytes, GVBD occurred in 93.5% of

the oocytes. When cultured in the presence cycloheximide, oocytes remained at the GV
stage (97.3%). The inhibition of GVBD was even found in cumulus free oocytes(GV93%). When oocytes were cultured for 24 h in cycloheximide, then washed in

cycloheximide-free medium several times,98% of the oocytes underwent GVBD(Simon
et al., 1989). However, when the oocytes were blocked for 24 h by cycloheximide, some
ofthe chromatin within the GV began to condense indicating that not all of the
maturation processes were prevented (Simon et al., 1989).

Cycloheximide was used to inhibit the resumption of meiosis to thereby study the
effects on subsequent development of bovine oocytes. Lonergan et al.(1997)studied the
effect of inhibition of meiotic resumption using cycloheximide for 0, 6, 12, 18, or 24
hours. There was no difference in cleavage rates of oocytes after release from inhibitor,
matured, and fertilized, but the percentage of5 to 8 cell embryos at 72 hours

postinsemination was lower after cycloheximide treatment. Lower blastocyst rates
occurred on day 6 for cycloheximide treated oocytes(9 to 15%)when compared to the

control(31%). A large decrease in development to blastocyst was seen for oocytes
inhibited for 18 hours or longer. Cycloheximide is reversible by demonstrating
acceptable cleavage rates, but has been shown to have lower blastocyst rates than
nontreated oocytes(Lonergan et al., 1997). Reversibility means that the ability to

undergo GVBD after inhibition or the ability to progress to metaphase 11. Cycloheximide
for more than 12 h was detrimental to subsequent developmental ability ofthe oocyte.
The use of cycloheximide for longer than 12 h to inhibit resumption of meiosis
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irreversibly disrupts some processes needed for developmental competence(Lonergan et
al., 1997).
6-DMAP

6-dimethylaminopurine is a phosphorylation inhibitor. 6- dimethylaminopurine
works by inhibiting the burst of phosphorylation on tyrosine residues of

that occur

just before GVBD (reviewed by Sirard et al., 1998). The inhibitor, 6-DMAP,was used to
inhibit resumption of meiosis in bovine oocytes for 24 h (Lonergan et al., 1997). After
the first 24 h, oocytes were released and matured for another 24 h before fertilization and

followed through blastocyst development. 6-DMAP at 2 mM completely inhibited
GVBD and was fully reversible at the metaphase II stage. However, developmental
capacity of oocytes beyond maturation may be compromised. Specifically, cleavage
rates at 72 hours after insemination when compared to the untreated oocytes(33% vs.

56%)and blastocyst rates were also significantly lower(Lonergan et al., 1997).
Another study was conducted to evaluate development of bovine oocytes exposed
to 6-DMAP (Avery et al., 1998). Oocytes were cultured in 2 mM 6-DMAP medium for
22 to 24 hours before 24 hours in vitro maturation, fertilized and then followed through
day 8. When compared to control oocytes,6-DMAP oocytes had a higher percentage of
abnormal configurations at the metaphase II stage(67% vs. 23%). Once again,6-DMAP
is a reversible inhibitor of GVBD in bovine oocytes, but the overall developmental
competence of6-DMAP oocytes is compromised with lower cleavage(61% vs. 81%)and

blastocyst rates(17% vs. 36%)than the control. The extended time frame for metaphase
II appearance and the occurrence of abnormal metaphase II configurations could be a
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sign of asynchronous cytoplasmic maturation(Avery et al., 1998). This could result in a
smaller portion ofoocytes ready for fertilization, which leads to fewer blastocysts.
Vanadate

Vanadate(NaVOs)is an inhibitor of protein tyrosine phosphatase, which would
inhibit activation of MPF thus preventing meiotic resumption in bovine oocytes
(Solomon et al., 1990). Vanadate was used to inhibit resumption of meiosis in bovine
oocytes for twenty-four hours(Lonergan et al., 1997). Vanadate completely blocked
GVBD at concentrations of 1 mM but was only reversible in 56% of oocytes where 6%
reached metaphase II(Lonergan et al., 1997).
DRB

Another effective way to inhibit GVBD in bovine oocytes is with the use of 5,6dichloro-1-P-D-ribofuanosylbenzimidazole(DRB). 5,6-dichloro-1-P-Dribofuanosylbenzimidazole is an adenosine analog that inhibits RNA polymerase II and
prevents meiotic resumption of bovine oocytes surrounded by their cumulus cells (Farin
and Yang, 1994). Administration of DRB at 2-3 h intervals during culture blocked

approximately 70% of GVBD in bovine oocytes (Farin and Yang, 1994). Effects ofDRB
were reversible with 73.6% of the oocytes progressing to metaphase II after release from
DRB. However,cumulus cells need to be present and DRB must be replaced frequently

due to the degradation ofthe compound in culture medium (Farin and Yang, 1994).
Farin and Yang(1994) suggest that DRB blocks the stimulatory phase ofthe
gonadotropin action on maturation of cumulus-enclosed bovine oocytes.
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Roscovitine

Roscovitine (2-(1-ethyl-2-hydroxyethylamino)-6-benzylamino-9-isopropylpurine)

is an inhibitor of p34'^'^'^^/cyclin B kinase activity. The developmental competence of
cattle oocytes maintained at the germinal vesicle stage for 24 h in culture by roscovitine
has been evaluated (Mermillod et al., 2000). Cumulus oocyte complexes were placed in
roscovitine for 24 h in 0, 12.5, 25,50, and 100 pM concentrations. Roscovitine treatment

for 24 h maintained oocytes at germinal vesicle stage(78%)and metaphase I(22%)
when using 25 pM in contrast to the control. After culture with 25 pM ofroscovitine for
24 h oocytes were matured, fertilized, and allowed to develop to the blastocyst stage.
There was no apparent negative effect on developmental competence to blastocyst

compared to the control oocytes. The specificity ofroscovitine for p34'^'''^^ at 25 pM
concentration may allow the oocyte to maintain its protein synthetic activity during prematuration culture (Mermillod et al., 2000).
Summary

For this thesis, it was hypothesized that some ofthe negative effects of heat stress
during the summer months for reducing reproduction in cattle may be due to direct
effects on immature oocytes. Given that removal ofoocytes from the follicle initiates

resumption of meiosis, the first series of experiments described in this thesis describe

efforts to determine effectiveness of using roscovitine to prevent the resumption of
meiosis without compromising subsequent development of oocytes after maturation and

fertilization. Experimental objectives were to 1) determine dose of roscovitine required
for maintaining an intact GV in oocytes after removal from follicles, 2)determine

effectiveness ofroscovitine for inhibiting resumption of meiosis in bovine oocytes for up
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to 42 and 66 hours post-follicle removal, 3)determine if inhibiting resumption of meiosis

using roscovitine for 24 or 48 hours has a negative effect on subsequent development of

oocytes to blastocyts stage after IVF, and 4)determine if direct effects of elevated
temperature on reducing developmental competence ofimmature oocytes exist.
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Chapter 3
Materials and Methods
Materials

Tissue culture medium-199(TCM-199), nucleosides, glutamine, and penicillin-

streptomycin solution were purchased from Specialty Media(Philipsburg, NJ). Various
semen companies generously provided frozen semen from different bulls. Ovaries were
obtained from Brown's Packing Company(Gaffhey, SC). Chemicals and reagents as

required for preparing media for in vitro maturation, fertilization, and culture of embryos
were purchased from Sigma(St. Louis, MO)unless otherwise noted. Roscovitine (S)isomer was purchased from Calbiochem(La Jolla, CA). Fetal bovine serum(FBS)was
purchased from BioWhittaker(Walkersville, MD). LH was generously provided by
USDA (Beltsville, MD). Follitropin V was provided by Vetrepharm Canada Inc.
(Belleville, Ontario, Canada). Media was prepared as previously described by Parrish et
al.(1988; HEPES-TALP,IVF-TALP, and SPERM-TALP).
In Vitro Maturation, Fertilization, and Culture ofEmbryos

In vitro maturation, fertilization, and culture of embryos were performed as
previously described by Edwards and Hansen(1996) with some modifications. Cumulus

oocyte complexes(COCs) were matured in TCM-199 containing 10% fetal bovine

serum, 1 X nucleosides,2 mM L-glutamine, 1 X nonessential amino acids, 0.1 mM pmercaptoethanol, 50 U/mL penicillin, 50 pg/mL streptomycin, 0.3 pg/mL LH,and 5.0
pg/mL FSH and then fertilized with percoll purified sperm (375,000/500 pi). Eight to ten
hours post-fertilization, putative zygotes were vortexed and washed in HEPES-TALP to
remove associated cumulus cells and spermatozoa. Putative zygotes were placed in
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modified KSOM (Biggers et al., 2000 with modifications by J. Hasler) containing NEAA
and allowed to develop further in an atmosphere of5.5% CO2,7% O2, and 87.5% N2 at

38.5°C. On day 4 post-fertilization, putative zygotes were placed in fresh KSOM

supplemented with nonessential amino acids, and essential amino acids. Cleavage and
development to blastocyst were recorded on days 4 and 9 post-insemination, respectively.
Dose of Roscovitine Required to Maintain Intact Germinal Vesicles in Bovine Ooeytes
After Removal from Follicles

Cumulus oocyte complexes were cultured in 0,12.5,25, or 50 pM roscovitine for
24 h. After 24 h, COCs were washed in HEPES-TALP and stained for 20 minutes with

10 pg/mL Hoechst No. 33342. Nuclear status of ooeytes was assessed by exposing
ooeytes to ultraviolet light using a Nikon Eclipse TE300 inverted microscope equipped
with a UV-2A filter (exciter, 330 nm; diehroie, 400 nm; and barrier, 420 run)for Hoechst
No. 33342. Cumulus expansion of ooeytes was recorded for each treatment by recording
percentage of ooeytes with expanded cumulus before staining. The experiment was

replicated on 4 to 5 occasions and included 129-172 oocytes/treatment.
Resumption of Meiosis After Ooeytes were Cultured in Roscovitine for 21,42, or 66
Hours

Cumulus oocyte complexes were cultured in 50 pM roscovitine for 21,42, or 66

h. After culture in roscovitine for 21,42, or 66 h, ooeytes were divided into two groups:
halffrom each treatment were washed 5 times and placed in control medium containing
0.3 pg/mL LH and 5.0 pg/mL FSH while remaining half were stained with 10 pg/mL
Hoechst No. 33342 for 20 minutes to determine nuclear stage. Ooeytes released from

inhibitor were cultured for 24 h in presence of gonadotropins and then Hoechst stained to
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determine if resumption of meiosis had occurred. Number ofoocytes at germinal vesicle
(GV), metaphase I(MI), anaphase I(AI), telophase I(TI), metaphase II(Mil), and those

that could not be determined(CD)were evaluated. The experiment was replicated on
four occasions using 155-185 oocytes per treatment.
Development ofEmbryos Derived From Oocytes Cultured in Roscovitine for 24 or 48
Hours Before Oocyte Maturation

Cumulus oocyte complexes were cultured in 0(control medium: Ml99 with 10%

fetal bovine serum, 1 X nucleosides, 2 mM L-glutamine, 1 X nonessential amino acids,

0.1 mM p-mercaptoethanol, 50 U/ml penicillin, 50 pg/ml streptomycin, 0.3 pg/ml LH,
and 5.0 pg/ml FSH)or 50 pM roscovitine (control medium without gonadotropins) at
38.5°C in 5.5% CO2. After 24 or 48 h, oocytes were washed ofroscovitine and cultured

for an additional 24 h in control medium containing gonadotropins. Oocytes, presumed
matured, were divided within treatment; half were fertilized while remaining served as

parthenogenetic controls. Ability of presumptive zygotes to cleave and develop to
blastocyst was recorded on days 4 and 9 post-insemination, respectively. Total number

of nuclei in blastocysts, used as an indicator ofcell number, was evaluated by staining
blastocysts with 10 pg/mL Hoechst No. 33342. The experiment was replicated on 7
occasions and included a total of 182-363 oocytes per treatment.
Effects of Elevated Temperature on Immature Bovine Oocytes

Cumulus oocyte complexes were cultured for a total of24 h with 50 pM
roscovitine at 38.5°C or 41.0°C (heat shock). Duration of heat shock was 8, 12, or 24 h.
After culture of COCs at 41.0°C for 8 or 12 h, oocytes were transferred to 38.5°C for

remainder oftime with roscovitine. Cumulus oocyte complexes were washed five times
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with oocyte collection medium containing modified TCM-199 with Hank's salts, 10.0
mM HEPES,2% PBS,2.0 mM glutamine, 50 U/mL penicillin, and 50 pg/mL

streptomycin and then placed in TCM-199 containing gonadotropins for 22-23 h.
Oocytes presumed mature were then fertilized as previously described. Ability of
putative zygotes to cleave and develop to blastocyst stage was recorded on days 3 and 8
post-insemination, respectively. Total number of nuclei in blastocysts was determined by

staining with 10 pg/mL Hoechst No. 33342 on day 8. The experiment was replicated on
3 occasions and included 118-188 oocytes per treatment.
Statistical Analysis

For all experiments, data were arranged in a randomized block design and
analyzed using mixed models ofSAS(1999). Data were expressed as a percentage for

ease of comparison of developmental data reported in literature and are presented as least
square means. Data were tested for normality using Shapiro-Wilk test.
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Chapter 4
Results and Discussion

Dose of Roscovitine Required to Maintain An Intact Germinal Vesicle in Oocytes After
Removal From Follicles

Culture of oocytes in 25 or 50 pM roscovitine for 24 h after removal from

follicles was effective for maintaining an intact GV in oocytes(Figure 4-1; P<0.005;

SEM=4.5). These findings were consistent regardless if oocytes were cultured in the

presence or absence of gonadotropins(Figure 4-1). In contrast, culture ofoocytes with 0
or 12.5 pM roscovitine reduced the number of oocytes having an intact GV (Figure 4-1;
SEM=6.73; P<0.0001).

Culture of oocytes with 25 or 50 pM roscovitine for 24 h after removal from
follicles inhibited ability to resume meiosis and progress to Mil(Figure 4-2; P<0.001;
SEM=2.87). In contrast, culture of oocytes in 12.5 pM roscovitine for 24 h after follicle
removal was ineffective at completely inhibiting resumption of meiosis with 9.4%
progressing to Mil(Figure 4-2). A minimal number of oocytes developed to AI or TI(0
to < 3%; data not shown) while cultured in the presence of roscovitine.

Culture ofoocytes in 50 pM roscovitine for 24 h after follicle removal was
effective for inhibiting cumulus expansion (Table 4-1; P<0.0001). However,there was

no difference in cumulus expansion when comparing TCM 199 with or without
gonadotropins in the presence of no roscovitine.
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Figure 4-1. Percentages of oocytes having an intact GV after 24 h exposure to

roscovitine in TCM-199 without or with gonadotropins. The total number of oocytes per
treatment varied from 129 to 172. The total number of oocytes per treatment with TCM199 with gonadotropins varied from 62 to 85. Only one replicate was performed with
TCM-199 with gonadotropins. Exposure of oocytes to increasing doses ofroscovitine
increased the number having an intact GV (P<0.0001).
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Figure 4-2. Percentages of oocytes progressing to Mil after exposure to roscovitine for
24 h in TCM 199 without or with gonadotropins. The total number of oocytes per
treatment varied from 129 to 172. The total number of oocytes per treatment with TCM199 with gonadotropins varied from 62 to 85. Exposure of oocytes to increasing doses of
roscovitine decreased the number progressing to Mil(P<0.0001).
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Table 4-1. Cumulus expansion of bovine oocytes after culture with roscovitine at 0,12.5,
25, or 50 pM concentrations.
Roscovitine

Reps

# Oocytes

Cumulus Expansion
(%)

(pM)
129

OOMM

5

0TCM199

5

171

5

172

88.89"
A

25 TCM199

5

167

o
22.0''
o
13.0""

50TCM199

4

139

1.75"

SEM

...

12.5 TCM199

5.56
0.0001

P-value

Least square means that differed.

Reps: Number of replicates performed for each dose.

Mermillod et al.(2000) were the first to demonstrate the effectiveness of using

roscovitine for maintaining GV stage oocytes for 24 h post-follicle removal. Specifically,

25 pM ofroscovitine maintained bovine oocytes at GV stage and inhibited expansion of
cumulus cells in greater than 80% ofimmature oocytes without compromising

subsequent development to blastocyst. However, Mermillod et al.(2000)speculated that
a higher dose ofroscovitine may be required to maintain bovine oocytes at GV stage and
inhibit expansion of cumulus cells. In this thesis 50 pM ofroscovitine was required to
maintain over 90% of bovine oocytes at GV stage and inhibit cumulus expansion.
Differences in doses ofroscovitine reported by Mermillod et al.(2000) versus that

required in this thesis to maintain an intact GV may be different due to differences in
biological activity ofroscovitine as related to different sources. Roscovitine used in the

experiments in this thesis was purchased from Calbiochem whereas Mermillod et al.
(2000)acquired roscovitine via a donation from Dr. L. Meijer.
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Effects ofroscovitine for inhibiting GVBD and preventing expansion ofcumulus

were evident even in the presence of gonadotropins. This was surprising since

gonadotropins are believed important for cumulus expansion (Dekel, 1999). Mermillod
et al.(2000)speculated that this may indicate that cumulus expansion is dependent on
MPF activity or that roscovitine is not as specific as suggested.
Even more surprising was ability ofoocytes to resmne meiosis, progress to

metaphase II and undergo cumulus expansion in oocytes not cultured in presence of
gonadotropins. This could be due to fetal bovine serum in culture medium containing
0.5-2.5 ng/mL ofLH and 0.5-70 ng/mL ofFSH (BioWhittaker; Walkersville, MD),
which could result in cumulus expansion.
Resumption of Meiosis After Culture of Oocytes in Roscovitine for 21,42, or 66 Hours

Culture ofoocytes for 21,42, or 66 h in roscovitine was effective for maintaining
oocytes at GV stage (Table 4-2; P<0.14). However, culture ofoocytes in presence of
roscovitine for 66 h compromised subsequent ability to resume meiosis and progress to
Mil after releasing from inhibitor and placement in maturation medium (Table 4-2;
P<0.04).

This is the first time the ability to maintain immature oocytes in vitro in an
immature state for more than 24 h has been performed. The system used may provide an
in vitro model that will allow for the assessment of direct effects ofrepeated stressors on

immature oocytes, providing insight into the mechanism stressors induced fertility
failure. For example, during the summer months immature oocytes may be exposed to
elevated body temperature of heat stressed cattle (Hansen et al., 1999), which could
compromise ability of oocytes to develop further.
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Table 4-2. Nuclear progression of bovine oocytes after maintaining at GV stage for 21,
42, or 66 h in 50 pM roscovitine.
Time in

Roscovitine(h)

Reps

GV

#

Oocytes

(%)

Matured

#

Reps

GV

MI

MH

(%)

(%)

(%)

21

4

155

94.8

109

3

17.4

11.7

69.2'

42

4

167

96.2

148

4

11.9

10.9

70.4'

66

4

185

90.7

167

4

21.6

•••

3.79

4.54

5.49

—

—

—

0.18

0.81

0.04

1.76

SEM

P-Value

0.14

—

14.8

52.1''

# Oocytes: Number of oocytes placed in 50 pM roscovitine.
# Matured: Number of oocytes washed ofroscovitine and subsequently cultured in
maturation medium.

Least square means that differed.
Reps: Number of replicates performed for each treatment.
Negative effects on immature oocyte's ability to progress to metaphase II after
being maintained at GV stage in vitro for 66 h may have be due to a depletion of nutrients
from the culture medium or a possible decrease in biological activity ofroscovitine as is
the case for inhibitor DRB which has been documented to degrade in culture medium

every 2-3 h (Farin and Yang, 1994).
Development ofimmature oocytes to metaphase II may not be the best indicator
of developmental potential. However, metaphase II was used as an endpoint in this
experiment with the idea that if an oocyte cannot progress to metaphase II then it would
most likely not cleave and develop to blastocyst after maturation and fertilization. Given
that 66 h in roscovitine compromised subsequent development of immature oocytes an

additional experiment was designed to examine ability of oocytes to cleave and develop
to blastocyst after being held in an immature state for 24 or 48 h.
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Development of Embryos Derived From Oocytes Cultured in Roscovitine for 24 or 48
Hours After Follicle Removal But Before Oocyte Maturation

Culture of oocytes with roscovitine for 24 or 48 h did not compromise ability of

embryos to cleave after maturation and fertilization. In fact, proportion of putative
zygotes cleaving by day 3 post-fertilization, was higher for immature oocytes cultured in
roscovitine for 24 b (Table 4-3; P<0.02). Ability of cleaved embryos to develop to 8-16

cell was similar regardless of initial culture of oocytes with roscovitine. Proportion

developing to blastocyst, by day 9 post-fertilization, was similar for oocytes cultured with
roscovitine for 0,24, or 48 b (Table 4-3). Number of nuclei in blastocysts was similar

regardless of initial treatment of oocytes(Table 4-3). Moreover, culture of oocytes with

50 pM roscovitine did not increase partbenogenetic activation (Table 4-3).
Unique to experiments discussed in this thesis was the demonstration of
the effectiveness ofroscovitine for maintaining oocytes in an immature state for 48 b

without compromising subsequent development to blastocyst. This is important to allow
for the development of a model to study effects of stressors on immature oocytes for
extended time periods.

Interestingly, oocytes maintained at GV stage for 24 b bad higher cleavage rates.

This may be due to the maimer in which collection of oocytes was performed by slicing
3-8 mm follicles, that contain oocytes that would normally not be prepared for ovulation

in vivo. Therefore, by removing these oocytes earlier than what would occur in vivo, 24
b in roscovitine may allow for an adjustment period or time for the oocyte to catch up.
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Table 4-3. Development ofembryos derived from oocytes cultured in roscovitine for 24
or 48 h after follicle removal but before maturation.

Time in

#

#

Recovered

Embryo Development(%)
i
8-16
Blastocyst
Cleaved

Roscovitine

Oocytes

PZ

(%)

Cell

0

363

251

68.9

#
Nuclei

(h)

130(52.2")
183(81.1")

42(30.9)
67(38.1)
52(29.6)

24

275

229

83.9

48

348

255

71.1

158(61.0")

113(88.6)
166(91.9)
145(91.5)

SEM

—

—

5.9

6.2

2.7

3.25

5.7

P-Value

—

—

0.21

0.02

0.7

0.12

0.20

0

288

198

71.1"

8(6.09)

4(47.6")

0

—

182

132

71.4"

3(2.40)

3(102.4")

0

—

226

194

84.5"

14(6.50)

9(56.4")

0

—

98.6
97.6
90.6

parthenotes
24

parthenotes
48

parthenotes

Data reported in table include actual numbers and least square means of percentages computed by
SAS.

PZ : Number of putative zygotes.

Recovered(%): Proportion of pz recovered after removal of associated cumulus and
spermatozoa.

# Nuclei: Number of nuclei in blastocysts as assessed on day 9 post-fertilization.
Least square means that differed.
% cleaved: Proportion of embryos that cleaved.
% blastocyst: Proportion of cleaved embryos developing to blastocyst.

Another possibility for differences among cleavage rates is that differences may
be due to the small number ofoocytes evaluated in this experiment. It is possible with
more numbers this effect may not be real. Similar to results in this thesis for oocytes

exposed to roscovitine for 24 h, 30% development is expected in a respectable bovine

IVF system (Hasler, 1998). However,in this experiment blastocyst rates for oocytes
cultured in roscovitine for 0 or 48 h was less than 30% when blastocyst rate was

expressed as a proportion of putative zygotes developing to blastocyst. Lower blastocyst

rates for control oocytes may be due again to the selection of oocytes from smaller
follicles than what would occur in vivo. However,lower blastocyst rates for oocytes
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exposed to roscovitine for 48 h may be due to lack of nutrients in culture medium during
48 h of culture.

Other cell cycle inhibitors have been investigated for potential usefulness of

maintaining oocytes in an immature state after removal from follicles. However,few to
date have been shown to maintain oocytes in an immature state without compromising
subsequent development after maturation and fertilization. Dibutyl cyclic adenosine

monophosphate and IBMX combined treatment for 21 h maintained approximately 60%
of oocytes at the GV stage (Sirard et al., 1998) whereas roscovitine treatment for 24 h
maintained over 80% of bovine oocytes at GV stage(Mermillod et al., 2000). Vanadate
blocked GVBD for 24 h, but was only reversible in 56% of the oocytes(Lonergan et al.,

1997)compared to roscovitine which was reversible in approximately 89% of oocytes
(Mermillod et al., 2000). DRB inhibited about 70% of GVBD in oocytes, however DRB
required replacement every 2-3 h due to degradation of the compound in culture medium

(Farin and Yang, 1994). Other inhibitors such as adenylate cyclase, cycloheximide, and
6-DMAP have been shown to inhibit GVBD in bovine oocytes along with studies on
subsequent development to blastocyst. Adenylate cyclase inhibited GVBD for 20 h in
65% of bovine oocytes(Aktas et al., 1995). However, when adenylate cyclase was used
in combination with IBMX,oocytes had 54% cleavage and 27% blastocyst rates(Aktas

et al., 1995)compared to 90% cleavage and 36% blastocyst rates ofroscovitine
(Mermillod et al., 2000). Cycloheximide maintained 97.3% ofthe oocytes at GV stage

(Simon et al., 1989), however exposure to cycloheximide for more than 12 h resulted in
14% blastocyst rates(Lonergan et al., 1997). Germinal vesicle breakdown was inhibited

by 6-DMAP,but oocytes cultured with 6-DMAP for 24 h resulted in low cleavage and
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blastocyst rates(Lonergan et al., 1997; Avery et al., 1998). Therefore, roscovitine was
chosen to use since it was demonstrated by Mermillod et al.(2000) to have minimal if

any effects on subsequent development to blastocyst.

However, development to blastocyst indicates an oocyte's ability to mature,
fertilize, and develop in an appropriate manner during a short time period. Caution
should be exercised in inferring developmental competence beyond blastocyst stage. For

example, cloned embryos have developmental competence to develop to blastocyst, but
not to term (Edwards et al., 2001).
Development of Embryos Derived From Immature Oocytes Exposed to 41°C

Exposure ofimmature oocytes to an elevated temperature of41°C for 12 or 24 h
reduced ability of oocytes to cleave after maturation and fertilization (Table 4-4).
However, ability of cleaved embryos to develop to 8-16 cell or blastocyst was similar
regardless of initial exposure of immature oocytes to 38.5°C or 41°C. Moreover, number

of nuclei in blastocysts was comparable regardless ofinitial treatment ofoocytes(Table
4-4). Culture ofimmature oocytes at 41°C for 24 h did not increase number ofoocytes
cleaving without addition of sperm (parthenotes; Table 4-4). The pH ofculture medium
at 41°C for 24 h was 7.43 compared to 7.35 at 38.5°C(SEM=0.009; P<0.01).
The use ofroscovitine to maintain bovine oocytes in an immature state allowed

for the first time, the ability to assess direct effects of elevated temperature on immature
cumulus oocyte complexes. Negative effects ofelevated temperature on immature
oocytes were only previously inferred by Rutledge et al.(1999). Data from Rutledge et
al.(2000)suggested that oocytes collected during the summer months in Wisconsin
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Table 4-4. Development ofembryos derived from immature oocytes exposed to 41°C.
Embryo Development(%)
Temperature
(C)

Recovered

Cleaved

Time in

#

#

Temperature
(h)

Oocytes

PZ

0

178

153

86.3

41

8

188

145

78.8

41

12

179

160

90.7

41

24

155

105

68.1

82(54.4"')
82(48.4")
43(41.7")

41

24

118

91

75.6

1(1.1")

38.5

8-16 Cell

Blastocyst

#
Nuclei

(%)

109(71.0') 103(94.4)
78(95.7)
76(92.5)
41(91.6)
1(100.0)

33(29.3)
15(16.9)
9(11.2)
7(12.9)
0(0)

81.8
77.8
93.3
90.1
—

parthenotes
SEM

P-Value

....

...

—
—

8.5

8.9

5.6

5.7

6.3

0.3

0.0006

0.9

0.1

0.3

Data reported in table include actual numbers and least square means of percentages
computed by SAS.
# PZ: Number of putative zygotes.

Recovered(%); Proportion of pz recovered after removal of associated cumulus and
spermatozoa.

# Nuclei: Number of nuclei in blastocysts as assessed on day 9 post-fertilization.
Least square means that differed.
% cleaved: Proportion of embryos that cleaved.
% blastocyst: Proportion ofcleaved embryos developing to blastocyst.

had a reduced ability to cleave and develop to blastocyst after fertilization. However,
Rivera et al.(1999)did not find any seasonal effects on cleavage or blastocyst rates.

Disparity of data may be due to differences including locations or breeds of cattle from
which oocytes were collected. Rutledge et al.(2000)used oocytes mainly from Holstein
cows in Wisconsin whereas Rivera et al.(1999)used oocytes of crossbred beef cattle
with Bos indicus genetics in Florida. Finch(1986)indicated that Bos indicus breeds have
greater thermoregulatory ability than Bos taunts (Holstein and crossbred Angus).
Although there was no difference statistically in subsequent development to

blastocyst in the present study, numerically there was a tendency for reduced

development to blastocyst(P<0.10). Lack of ability to detect a statistical difference may
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be due to the limited number ofoocytes used in this experiment. With increased

numbers, there may be a decrease in development to blastocyst. Therefore, additional

replicates need to be done in order to further investigate effects of elevated temperature
on subsequent development beyond cleavage.
Effects of heat shock decreased ability ofimmature oocytes to cleave after
maturation and fertilization. Oocytes that do not have ability to cleave after exposure to

41°C may be due to a disruption of earlier processes in the oocyte. Oocytes that lack
ability to cleave may not have ability to progress to metaphase II. Some key events that
are occurring during first 12 h of maturation that could be potentially disrupted include
posttranslational modification of cyclin-dependent proteins, and rearrangement of
cytoskeletal framework needed for GVBD and progression to metaphase II (Sirard et al.,
1989). Exposure to elevated temperature may also be negatively affecting cumulus cells
ofimmature oocytes. Gap junctions which provide connections between oocytes and
cumulus cells (Picton et al., 1999) may also be disrupted by elevated temperature.
Some ofthe potential negative effects of elevated temperature for decreased

subsequent development ofimmature oocytes may be confounded with changes in pH of
culture medium exposed to 41°C. Changes in pH occur due to CO2 solubility in the
medium decreasing as temperature increases(Rivera and Hansen, 2001). In this thesis, a
difference in pH of medium was observed at 38.5°C (pH=7.35)compared to 41°C
(pH=7.43; SEM=0.009;P<0.01) after 24 h. However,Rivera and Hansen(2001) when

controlling for pH changes still experienced reduced development after exposure of
oocytes, or one or two cell embryos to 41°C.
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Results indicate that immature oocytes are susceptible to the effects of elevated

temperature as are maturing oocytes(Edwards et al., 1996). Edwards et al.(1996)has
shown that exposure of maturing oocytes to 42°C during maturation decreases cleavage
and subsequent development to blastocyst. In addition, exposure ofoocytes to 41°C or
42°C during maturation reduced protein synthesis by oocytes(Edwards et al., 1996). It is
not known what may be disrupted within immature oocytes exposed to elevated

temperature, however, protein synthesis is a likely candidate as in maturing oocytes.
Summary and Conclusions

Data presented in this thesis showed for the first time that it is possible to

maintain bovine oocytes at GV stage using a cell cycle inhibitor of p34'^'''^^/cyclin B
kinase for 48 h without any negative effects on subsequent development to blastocyst.

Ability to maintain bovine oocytes at the GV stage while in culture with roscovitine
allowed for the study of direct effects of elevated temperature on immature bovine
oocytes. Exposure ofimmature oocytes to an elevated temperature of41°C for 12 or 24
h reduced ability of oocytes to cleave after maturation and fertilization. However, ability
ofimmature oocytes to develop to blastocyst was similar regardless of exposure to 41°C
for 8,12, or 24 h.

In conclusion, with the use of roscovitine, a model is now available to study the

effects of elevated temperature on immature bovine oocytes for extended time periods.
This is significant since immature oocytes which are housed within a follicle of a cow

may be susceptible to effects of elevated temperature. This is important for devising
strategies for reducing deleterious effects of elevated temperature on reproductive
performance in livestock species.
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